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1.0 Introduction 

This report summarizes the seismic load rating analysis and seismic anchorage design for the 
Panduit outset and inset (switch) cabinets. The seismic load rating analysis and the seismic 
anchorage design were both conducted based on the 2009 International Building Code, which 
references the American Society of Civil Engineers Standard 7-05, Minimum Design Loads for 
Buildings and Other Structures.  ASCE 7-05 is the primary standard for designing buildings and 
for designing nonstructural components and their anchorages within buildings.   ASCE 7-05 
references other national standards for the design of hot rolled steel (AISC), cold formed steel 
(AISI) and concrete (ACI) elements and have been used accordingly. 

The outset cabinet is a four post frame which comes in depths of 1070 and 1200 millimeters and 
widths of 600, 700, and 800 millimeters with a maximum height of 2150 millimeters. The inset 
or switch frame is a four post cabinet which comes in depths of 1070 and 1200 millimeters with 
a width of 800 millimeters and a height of 2150 millimeters. 

The cabinets were analyzed to determine the seismic load rating of each unit based on the 
maximum design-level acceleration found in California.  SAP2000 was used to model each 
cabinet using static loads distributed along the frame. 

Seismic anchorage of the cabinets to a concrete slab has been designed for three basic cases: 
 

 Rack located on a concrete slab on grade and anchored with expansion anchors. 
 Rack located on an elevated concrete slab and anchored with expansion anchors. 
 Rack located on an elevated concrete slab and anchored with through-bolts. 

 
Additionally, details have been provided for the condition where the unit rests on a raised access 
floor. 
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2.0 Seismic Demands 

The seismic demands were calculated based on ASCE 7-05 Minimum Design Loads for 
Buildings and Other Structures. Since there is no specific location where this cabinet will be 
used, the ground motion parameters selected correspond to the location with the highest demand 
in California. As specified in the code when the soil properties are unknown, Site Class D was 
assumed. Therefore, the calculated design-level spectral acceleration, SDS, is 1.93. Compared to 
most typical locations in California, this value is relatively high, a point which will be addressed 
later in this report. Furthermore, the cabinet was assumed to be installed at the roof level of the 
building where seismic forces are highest. Allowances were made later in the analysis summary 
to account for cabinets installed in lower floors of the structure. 

Seismic demands for anchorage and lateral load rating were calculated using equation 13.3-1 of 
ASCE 7-05: 

0.4
	 1 2  

Where ap accounts for the dynamic properties of the cabinet, SDS is the ground shaking intensity, 
Wp is the component weight, Rp accounts for the ability of the component to dissipate energy 
under seismic loading, Ip is an importance factor taken as 1.0 and z represents the height within 
the building that the component is installed at and h represents the overall building height. 

Based on cabinet deflection information provided from Panduit and our own dynamic analysis, it 
was determined that the cabinet has a fundamental period greater than 0.06 seconds. Therefore, 
according to the definition provided by ASCE 7-05, the cabinet was analyzed as a flexible 
component and an amplification factor, ap, of 2.5 was used in calculating the seismic design 
force. A response modification factor, Rp, of 3.5 was used to account for the ductility of the 
cabinet itself.  The ratio of z/h was taken as 1.0, which yields the highest lateral force.
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3.0 Cabinet Descriptions 

3.1 Outset Cabinets 

The outset cabinets have a four post frame that is 1070 or 1200 millimeters deep by 600, 700, or 
800 millimeters wide with a maximum height of 2150 millimeters. Cabinet self-weight was 
assumed to be 300 pounds and maximum static load was assumed to be 3,000 pounds.  Figure 1 
shows three different configurations of the outset cabinets. 

 

   

(a) (b) (c) 

 

Figure 1 – Outset Cabinets 

(a) 600x1070x45RU; (b) 800x1070x45RU; (c) 600x1200x45RU 

The top and bottom of the cabinet consists of welded assemblies. The vertical posts are 
connected directly to each assembly using two M6 hex head bolts and through the fascia using 
two M5 torx screws. The strength of these connections, shown below in Figure 2, will be 
considered in the lateral load rating analysis. 
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(a) 

(b) 

Figure 2 – Vertical Cabinet Post Connections 

(a) Post to frame rivet weldment; (b) Fascia to frame rivet weldment and post 
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3.2 Inset (Switch) Cabinet 

The inset cabinet is a four post frame that is 1070 or 1200 millimeters deep by 800 millimeters 
wide with a maximum height of 2150 millimeters. Cabinet self-weight was assumed to be 300 
pounds and maximum static load was assumed to be 3,000 pounds.  Figure 3 shows the 
configuration of the inset cabinet. 

 

 
Figure 3 – Inset Cabinet 

 
The top and bottom of the cabinet consist of welded assemblies. The vertical posts are connected 
to brackets using five 3/8-inch diameter huckbolts.  The brackets are welded to the top and 
bottom assemblies on all four sides. Connection details are shown in Figure 4.  The strength of 
these connections will be considered in the lateral load rating analysis. 
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(a) (b) 

Figure 4 – Vertical Cabinet Post Connections 

(a) Bracket to weldment; (b) Post to bracket
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4.0 Seismic Load Rating Analysis 

4.1 Summary of Outset Cabinet Seismic Evaluation 

The Panduit 600x1070x45RU Outset Cabinet Frame was analyzed to determine the maximum 
seismic load rating of the unit as this is the critical cabinet size with respect to lateral load 
capacity. Demands were calculated using the maximum design-level spectral acceleration, SDS, 
found in California and by assuming that the cabinet is installed at the roof level of the building 
where the forces are highest. The seismic load was applied as a static load distributed over each 
of the vertical frame posts. SAP2000 was used to model the frame and calculate the maximum 
moment in each post, shown below in Figure 5.  Detailed calculations of the lateral load capacity 
can be found in Appendix A. 
 
The maximum lateral load that the cabinet can withstand is a total of 520 lb distributed evenly 
among the four posts. 
 
Given the maximum value of SDS in California, SDS = 1.93, the seismic demand on the unit at 
various levels in the structure is: 
 

Roof-Height: 1.65 x Weight
Mid-Height: 1.10 x Weight
Ground Level: 0.58 x Weight

 
Therefore, using the values above, we can scale the weight of the cabinet based on its height 
within the structure. The maximum weight of the cabinet and contents for a given level is: 
 

Roof-Height: 315 lb
Mid-Height: 473 lb
Ground Level: 900 lb

 
The SDS value initially used for this analysis is the maximum found in the entire state of 
California and corresponds to a specific location. A more common value in California for a non-
near-fault site is SDS = 1.00. Using this value, we can scale down the demands and thus increase 
the maximum weight of the cabinet. Based on these scaled values, the maximum weight of the 
cabinet and contents for a given level is: 
 

Roof-Height: 609 lb
Mid-Height: 913 lb
Ground Level: 1737 lb

 
The seismic capacities shown here are limited by the strength of the connection between the 
vertical frame posts and the frame rivet weldment.  



4.0 Seismic Load Rating Analysis 
Seismic Load Rating and Anchorage Design – Panduit Corporation 

 
 
 

▲ Degenkolb Engineers 8 Seismic Load Rating and Anchorage Design 
February 2013 

\\sf-data\Projects\project.B02\439\B2439007.00\Reports\130215rpt - Panduit Cabinets - Report with Details.docx 

 
 

(a) (b) 

Figure 5 – 3D Perspective View of Analysis Model 

(a) Loading in global X direction; (b) Loading in global Y direction 
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4.2 Summary of Inset Cabinet Seismic Evaluation 

The Panduit 800x1070x45RU Switch Frame was analyzed to determine the maximum seismic 
load rating of the unit. Demands were calculated using the maximum design-level spectral 
acceleration, SDS, found in California and by assuming that the cabinet is installed at the roof 
level of the building where the forces are highest. The seismic load was applied as a static load 
distributed over each of the vertical frame posts. SAP2000 was used to model the frame and 
calculate the maximum moment in each post, as shown below in Figure 6. Detailed calculations 
of the lateral load capacity can be found in Appendix A. 
 
The maximum lateral load that the cabinet can withstand is a total of 910 lb distributed evenly 
among the four posts. 
 
Given the maximum value of SDS in California, SDS = 1.93, the seismic demand on the unit at 
various levels in the structure is: 
 

Roof-Height: 1.65 x Weight
Mid-Height: 1.10 x Weight
Ground Level: 0.58 x Weight

 
Therefore, using the values above, we can scale the weight of the cabinet based on its height 
within the structure. The maximum weight of the cabinet and contents for a given level is: 
 

Roof-Height: 551 lb
Mid-Height: 827 lb
Ground Level: 1574 lb

 
The SDS value initially used for this analysis is the maximum found in the entire state of 
California and corresponds to a specific location. A more common value in California for a non-
near-fault site is SDS = 1.00. Using this value, we can scale down the demands and thus increase 
the maximum weight of the cabinet. Based on these scaled values, the maximum weight of the 
cabinet and contents for a given level is: 
 

Roof-Height: 1064 lb
Mid-Height: 1596 lb
Ground Level: 3038 lb

 
The seismic capacities shown here are limited by the bending strength of the frame posts about 
their weak axis.  
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(a) (b) 

Figure 6 – 3D Perspective View of Analysis Model 

(a) Loading in global X direction; (b) Loading in global Y direction 
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5.0 Seismic Anchorage Design 

Seismic anchorage of the cabinets to a concrete slab has been designed for three cases: 
 

1. Rack located on a concrete slab on grade and anchored with Hilti expansion anchors. 
2. Rack located on an elevated concrete slab and anchored with Hilti expansion anchors. 
3. Rack located on an elevated concrete slab and anchored with through-bolts. 

 
In Addition, details have been provided for the condition where the unit rests on a raised access 
floor.  This detail consists of using the anchorage design developed for the above cases to bolt 
the rack to the access floor and extending the anchor bolts down to expansion anchors fastened to 
the concrete slab. 
 
Detailed drawings of the anchorage designs can be found in Appendix D. 

5.1 Analysis & Results 

Anchorage analysis was completed in accordance with Chapter 13 of ASCE7-05.  Anchorage 
geometry was used to determine the critical load angle (the worst case direction of horizontal 
loading for the unit).  The resultant tension and shear loads and locations were then determined 
and entered into Hilti Profis to determine the required anchor size and embedment.  Typical 
concrete strength (3,000 psi) and thicknesses were used to develop the most universal solutions.  
Anchorage designs for outset and inset cabinets can be found in sections 5.1.2 and 5.1.3, 
respectively.   

In addition to anchorage design, the seismic angle and connecting bolts were designed for the 
seismic loads.   Angle bending governed the required angle thickness and bolt shear governed the 
size of the bolts connecting the angle to the unit.  For all cases, an L4x4x1/4 angle and three (3) 
M10 Grade 8.8 bolts are adequate for the seismic demands.  Please note that the required angle 
has longer legs and a larger thickness than the standard shipping angle provided by Panduit. 

Detailed calculations for the design of the seismic anchorages can be found in Appendices B and 
C. 

5.1.1 Outset Cabinets Anchorage Design 

Based on our calculations, we have determined that anchorage to a slab-on-grade (Case 1) can be 
designed to resist the maximum seismic demand for anywhere in California with the partially 
loaded rack weight of 3,000 pounds.  Table 2 outlines usage guidelines for case 1. 
 
Anchorage to an elevated concrete slab with thru-bolts (Case 3) can be designed to resist the 
seismic demand in most locations in California with the fully loaded rack weight.  The load 
carrying capacity of case 3 is limited by bending of the seismic angle attachment at the through-
bolt locations.  Table 1 provides usage guidelines for case 3.   
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Table 1 – Outset Cabinet Anchorage: Case 3 Usage Guidelines 

 
 

Anchorage to an elevated concrete slab with expansion anchors (Case 2) has a lower lateral load 
resisting capacity than Case 3 due to the failure of the expansion anchors in the concrete fill on 
metal deck.  As a result, Case 2 has the most significant limitations on how it can be used.  Table 
2 summarizes scenarios where Case 2 applies for outset cabinets.   
 
Table 2 – Outset Cabinet Anchorage: Case 2 Usage Guidelines 

 
 

Peak Seismic 
Acceleration 

(SDS)

Total Weight of 
Loaded Rack 

(pounds)

Maximum Floor Height 
as Percentage of Total 

Building Height

1.00 3300 33%
1.00 3300 50%
1.00 3300 100%
1.50 3300 33%
1.50 3300 50%
1.50 2700 100%
1.93 3300 33%
1.93 3200 50%
1.93 2100 100%

Peak Seismic 
Acceleration 

(SDS)

Total Weight of 
Loaded Rack 

(pounds)

Maximum Floor Height 
as Percentage of Total 

Building Height

1.00 3300 ground floor*
1.00 3300 33%
1.00 3300 50%
1.00 2100 100%
1.50 3300 ground floor*
1.50 2600 33%
1.50 2100 50%
1.50 1300 100%
1.93 3000 ground floor*
1.93 1900 33%
1.93 1500 50%
1.93 1000 100%

*Note: Ground floor values are achieved by utilizing case 1 anchorage details
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Note that a thicker concrete fill (6 inches or greater) would provide a greater selection of anchor 
sizes and embedment depths resulting in additional situations where Case 2 can be utilized.  
Thicker concrete fills are typically found in applications where the servers encompass a large 
floor area.  A Structural Engineer would be required to determine the load rating for these 
specialized conditions. 
 

5.1.2 Inset Cabinets Anchorage Design 

Based on our calculations, we have determined that anchorage to a concrete slab-on-grade (Case 
1) can be designed to resist the maximum seismic demand for anywhere in California with the 
fully loaded rack weight of 3,300 pounds.   
 
Anchorage to an elevated concrete slab with thru-bolts (Case 3) can be designed to resist the 
seismic demand in most locations in California with the fully loaded rack weight.  The load 
carrying capacity of Case 3 is limited by bending of the seismic angle attachment at the thru-bolt 
locations.  Table 3 provides usage guidelines for Case 3. 
 
Table 3 – Inset Cabinet Anchorage: Case 3 Usage Guidelines 

 
 

  

Peak Seismic 
Acceleration 

(SDS)

Total Weight of 
Loaded Rack 

(pounds)

Maximum Floor Height 
as Percentage of Total 

Building Height

1.00 3300 33%
1.00 3300 50%
1.00 3300 100%
1.50 3300 33%
1.50 3300 50%
1.50 3300 100%
1.93 3300 33%
1.93 3300 50%
1.93 2700 100%
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Anchorage to an elevated concrete slab with expansion anchors (Case 2) has a lower lateral load 
resisting capacity than Case 3 due to the failure of the expansion anchors in the concrete fill on 
metal deck.  As a result, case 2 has the most significant limitations on how it can be used.  Table 
4 summarizes scenarios where Case 2 applies for inset cabinets.   
 
Table 4 – Inset Cabinet Anchorage: Case 2 Usage Guidelines 

 

 
Note that a thicker concrete fill (6 inches or greater) would provide a greater selection of anchor 
sizes and embedment depths resulting in additional situations where Case 2 can be utilized.  
Thicker concrete fills are typically found in applications where the servers encompass a large 
floor area.  A Structural Engineer would be required to determine the load rating for these 
specialized conditions. 
 

Peak Seismic 
Acceleration 

(SDS)

Total Weight of 
Loaded Rack 

(pounds)

Maximum Floor Height 
as Percentage of Total 

Building Height

1.00 3300 ground floor*
1.00 3300 33%
1.00 3300 50%
1.00 2100 100%
1.50 3300 ground floor*
1.50 2600 33%
1.50 2100 50%
1.50 1300 100%
1.93 3300 ground floor*
1.93 1900 33%
1.93 1500 50%
1.93 1000 100%

*Note: Ground floor values are achieved by utilizing case 1 anchorage details
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Appendix A Seismic Anchorage Drawings 




























